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(54) Title: OPTICAL SYSTEM, EXPOSURE SYSTEM, AND EXPOSURE METHOD 




(57) Abstract: An optical system capable of realizing, based on a simple construction, an al- 
most peripheral-direction polarized state inside a lens aperture with a limited light quantity loss. 
The optical system comprises a double refraction element (21) for forming an advanced phase 
axis distribution inside a lens aperture into an almost circumferential-direction distribution or 
an almost radial -direction distribution, and an optical rotation element (22) disposed behind this 
double refraction element so as to rotate a polarized state inside the lens aperture. The double 
refraction element is formed of a uniaxial crystal material and has a light transmitting member 
having its crystal optical axis disposed almost in parallel to the optical axis. An almost spheri- 
cal-wave light flux enters the light transmitting member in an almost circularly polarized state. 
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{*{5^##^-fB]<D^*^-r^75:*C>^©iFf^21i:, ^^{RiJ^gag^^TV^ 
X0B R rt(D^3fe«^[SIfe^5/cfe(D^3fe^^22^(Dm#)^ffl^J; i 9, tW*3&# 

[0068] Bll2«, ^Jfe^<D^l^^tCd^^«3fe^S^5l^*^^«EB&Wt^i- 
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Mbomtoft&tptemm&ti. m^m^22^m^^p^yt^<Dmm^m 
[oo69] irf^ib, mimmxi^ Mmvtm^ifiK mm%^ (2-i4)^«^^*5 

, mimmm-^^xhm5<DmmMmtmm^ m.m$tm z f2ibn%m^-22b(D 

^^xm^m^m^m^mmir^t^x^o 
[oo7o] mi3«, ^mmMmcom2mMM\^^m&m^m^mm^m^m^-r 
mx&Zo m2mMMiz.$o\;^xhMi^i&mbmm^ -^^y^^vi^h^^ 

Y>L<D^^(Dmm±m^wm£fix\^&&^ msK^mfcMMbmm^xx^ 

o 

[0071] -rtxtt. m2mmxi^ mm^m^uK ^m^mp^yt^Km^x, 
^?M<Dm%<Dm£Tu±i/hyiy?t£ft^fcmm£nxx^ 0 ^ m%m^-2 
2^ &Byt¥^PL<Dft^^&\;^xitmtft^?MiM<D&m, mx.itAMn<D 
i^h^^nom^xh^ytm^AM-r^iiLm^m^tix\^ 0 %2 
m^mz&\^xhm5<Dmm&Mbmm^mmffim?2ibMftm?22b<DW,M 

mm^faMftvtn&mm.i-z>z.btfx$z> 0 
[0072] mi4«, ^mmnm<Dmsmnm\^^mytmm(Dm^m^mmm^ir 
mx&Zo M3&m^m^xhMi^i&ffl&£T$M2^Kmbmm^ ^^94 
>vi3frhv^w%.x(Dm)$frK m5iZ7^irmmnmbmisi^xx^ 0 u^u^ib 
, mmffim+2i&^x?Mbu&ft¥mpLb<Dm<Dft&*icmm£ti, m^tm^- 
22^n^%^pi^(D%^(Df^mim\^M^x\^M,t^^ ms^-ruM? 
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[0073] -rt^ib, ^3mm-cnm2mmtmm^ &m$m*2ia>K i£t^#»L 

^Att^^fbo^nosj^ ^<o 
^22t(DW,mi¥mz.£X), nm?mmzm^^x, *is*^too, 

[0074] Bll5«, ^^J6^ir8(0^4^^tCd^^«3fe^»©5f^*^^«EB&^t^i- 

(Dffife&m t-sae $ nx\ ^z&tiK m 5 K^irmmnmbmmvx^ ^ Q 
[0075] ~rt£t>*>, m4mnmxn, mmffim^itK mmyt^m (2— i4)<d^^^*3 

2i^3fe*^-22^(DmiK)^ffl^j; i 9, ffi*&*j£^x^v-c, ftmmtk&nz.^ 

[0076] IH16«, ^W^||(D^5^»!lt^^^m^^®^S$|3#^^MW^^i- 
m-Cfe^o H5»^», ^^X7^Kl3/^^^M^<D#|$c;^ g|l5(D||4 

«««ltv^ 0 u^u^b, misjff*^-2i^^^M^^^PLi! 

O^O^^^gSg^^ «*^-22^^3'6^PL(D3fc{^^oB(f^©^IB 

g^nrv m i5(Dm4mMMbm^x\ >s 0 
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[0077] nsm&M-Ttt. &m$m*2i&. ^^^plo^^^v^t, 

[0078] mi7tt, ^iiism^m6^^!ii^^^^igm(D^«^^«w^^-r 
[0079] i-*fc*>, m.mmm^2itK w,2mmt^G2h.w,^m%.%^ 

&#j*.oo, i/yxM p ^ic^^xmtm^m^m^mm-r^t^x^o * 

fc, ^6»^U-e^, itjS^^21^^^^p L *(D3 I 6^ifrfttfm'9^ I >^ 

vt-m&ffiwmmz.mfeL'X&m^ Rm^m^m^mmmm^^t^n 
[0080] t£$o, m5(Dmmmm^xxfmi^m—m6m^mx^ mm^m^iti^x. 
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[oo8i] z.(Dm^, ^mimvxm^m^Mm^^Mmir^mm^m^^m 
m^m^. m$wmft&m-e¥-m$L<D%i$c&Mt£itzb, ®io(a)^*(b) 

M(DmmW^&tt^)^%l3fem$Mz.^X^X^ /c^X.^WO03/007045-^ 
[0082] *fc. 05©^i^l^j;^IltffHl6l^!|t1^ ^PS«rPiTTga«$tt 

[0083] r<Z)i^, Mjffifefc^mi, {^Mffi^^^m^A^i-^g^gag^ti^ A 

(D^mmm^wmytxAMvtcytmK mmtfrm^wmmmmm^ti, &^ 
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[0084] siTs Mi8\zjF^7>%um$&Mix, &mffiMftm+fo\z&tf%ffifflftm 

1 2 3 

1 

t£l£j;5S WM^^dl^ffl^it^i^J:^. B,£(l, 0, 0) t^J&l-SM^ftffi 

3 

[0085] ^L^®^^21t?«, AM. (0, 0, 1) f2i*MS^«^*R{H3te 

i 

, i, o) fc^im-s^fcfcs, **5. ffi&ffimftmtt&ttzm&&b&mffi&b 

o 

[0086] mi9n, ^mmnm(Dm7mnmK^^m^mm(Dmnmm^mmic7jkir 
m~chz>o M7mn^m, ^^^y^vi3^h^^M^x(Dm^. ms^-r 

,mm^m^m^23^^^94^h^3t^m.^m4:t<Dm<D^^Kmn^ 

[oo87] ^7^^j-e«, Mm$rMytm+23t)h mm^m (2— i4)©3fc*&* 

icssv vr, mm&ffixfo%^x?Mbyt¥mz&&tj;&mzmn&tit^x?7'94 
^h^3<Dft&<Dm$Ti'±>'bVv?tey£&mzmm£tix^Zo m7&m 

M&mm.irZ>^btfX%Z> 0 
[0088] 02O«, ^ffi^1JS<D^8^^^d^^«3fe3ge<^5l§P#^^«EB&Wl^i- 

mx&Zo fg8&j&w&, ^^y^^vi3^h^^m-^x(Dm^, ig 190^7 
mzmbmavx^Zo upm***^ mmt^mytm^-23^^^m4b^^ 
Mb<Dffl(Dyt&tpKmm£tix\^&&^ w,7W&®\bm^x\^ 0 irtt>%, w, 
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[0089] 021 fct, ^^Jfe^B^09^^J(^^^»3fe^«(Dg^«^^«B&W(^i- 

M^mtmu\^x\^ 0 vb*\j3:&t>, mmffiifcftm?23&^?Mbi&&3£ i ¥%kP 

m*23<Dftmfc£*). mm?mmz.m^^x, *is*s#iitoo, i^xpb p ^ 
[0090] ®22«, ^mmnm^miomnm^^m^mm^m^m^mmm^ 

irmx&Zo Mio&j&fflti* ^x?^9^i/\?i3fab^x?Mizx<Dmf&&, mi9(D 

Kmm^tix\^ 0 ^©ii, miomm\z.$o\,^x-kM7mmtmm^ mm 
$xM%m^23<Difem\z.&*), mm^mm^m^x, *n»ioo, w^x 
m nftK&\^xm£m^faMftvm&mm.ir%z.btfx%z> 0 
[0091] m23«, ^mmnm^mii&m^^m^mm^mum^mmm^ 
irmx&Zo $%nmM@m, -^^•^9^^i3^h-^^M^x(Dm^. mi5<D 
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[0092] 024te, ^IIMm^012»^(Jt^^^^igm»^flS«^^M6^^^ 

miim^mmm^x^^o i^ue^ mm^rmytm^23^^^m4t^ 
x?Mb<Dm<Dft^fc®m£fLX\^&tK im»^«iMbTi^ 0 -r&t^ 

, ^ll^WilTi*. lS©$ff^3fe#^-23^^ £?2jg&3fe^G2^3*&te3fc^G 

©jism, mi2^nm^^^xhmii^nmtmm^ mmmmytm^s^m 
mxfaMftvtM&mm.'tzz.tftxzzo 

[0093] g|25te. ^W^Ii^013»^!j(^^^^Sg(D^^#^^W6^^^ 

^wt<Dm<D3t^Kmm£nxv^&frK mnm^mtmmvx^^ 0 -r&t> 
mi3mmx^ mmmmytm^23^ ^^^plo^^^v^c * 

mmmm%m^23(DimK^, mmtmm-c&^x, %mm$&nx.^L v 
^xr?sprt^v^^{^^^M^^?i.i-§^^-e^ o ^ ^12^ 

u-cb, ft&ffimfmizmMztizmftvtm&ffiHmmmfevxtem^ 
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[0094] gi26«, ^mmMm(Dmi4mnmK^^m^mm(D^m^mmm& 

mnm^Byt^p^mm^MmcM, ^»-^xy^— PBs^mo 
(D^mm * if #FM«rg'tr 2mffl&m<DR*t mm yt^mx&zmmm^x^ ^ 

o 

[0095] B|26^*dV>T, %$14&j&m<D&S£ft^PU*. -?X?MM&£XfiV^WW& 

t^<D^mi^(Dm.^my6\^mRti^x(D^^w±iznmir^m2^m.^^G2 

[0096] ^L-C, JglMM^Gm, flrt^^^Eg^tbS^lW^Xl^ (^^«J7 

w®%<D%m^m&r%Whi<Di/4&^m.Qwu ^ioi^^s^qwi^l 
mm.%^G\bw,2mmt^G2}i(Df^(Dim) m^u^^v^y^tt^x^ 

[0097] Jg2f£flOfe^G2W:, Bll4^^br?:^4^^tJ(DjgJffM^5fe^^PL^ 
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[0098] ^rbT, ^*9Mh*t><DWMfa%yt\Z. Hll^Xg|£Mj®Uh^ {B3fctr— 

y y*— PBS-eSI* . Jg 1 <D 1 /4II«QW1 ^MilLX R ®Jt Km&£tl 

Ufc«, @Lm^X?M<D2fri$L^&Z>m'bi&&l&)8,irZ>o Z.<Dffi/}»Gtt±^X?M<D 

[oo99] $5i4m&M^te.mmffim*2i&^ft¥&PL<Dyt&wzm^x, wr^m. 
25<Dmmnmtmm^ mmmm^-2itm%m^-22t(DW } mi¥mK^^ mm* 

[oioo] ^*d\ Mi4mmxte, KmmbfmFMicAMirzftm^mjtmfMFM 

<DBCMmx<D&mtT$<D&m&&Mir%^b&^mbfzz> 0 tat, mi49mM\z& 
v>t, mwft^x^x?M%wmftxmmisX-b&<, -<Dm&, sj^^pl 
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[0101] 027te, ^^^1l8©^i5^^ta6»d^*3te36iSoil*|j«^«tl»W^ 

[0102] B|27^*dV>T, igl5«^<DM^^PU3, J^14«$|<D&||>3te^»L£ 

[0103] ^l-c, ^i^3fe#^Gi«, m^^mKumisfi&mi^^m^fm? 
5>itBPBs i sr^rt-««3fe^— ^^y y ^— pbs , r<DHi ©fluent® pbs i -c 

SJH- Zfrft llfi*©!^ R Jfc te£itW-3& l <D l /4 j&JM&Q Wl , 

fjl 1 © 1/4M^QW1 £^Lfc3fejfc£H*f i~5 MffiKtt^CM, MSttilCM 

^ i © i /4^«qwi^£d m © fp t?:Ee$ tts^ i/^xn, r. © a ^^xp 

*3<t ^ l © l /l&MU&fr^xm l ©fiS^HtffiPBS l S^S3fl-r«iiClMB3te© 
IM3fc03te*Srn«3fc©3te*lJ:^-r5^2<z>l/4»£S*QW2, JH2<z>i/4$? 

(Dl/4^ft^QW2^maiiLT^2<D^3fe^itffiPBS2-e^J|t$^li:^3fe 

S2£ tp ra3jg^^<D K ^ffig^tbfclEW^X^ ( * fS^ffl^-zPHV^Xip) &ffi 
X.TV^ 0 &*3, ^<Z)tpra#{|iJ^— /PFV^Xp^ioT, 01^3fe^Gl(Dfp 
r«#J««(^l|^M^Gl^||2^3 1 6^G2^(Dr H 103fe{^) iiiSflrVt 
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[0105] -tLT, ^^Md^©iiDlHB3fe©3te*«:, Jgli^Xl^iliiiUcifL fiSfttf— A 

1 (Dfig^lttffiPBS 1 £Ji2<Dig^ii|ffiPBS2^iSaiU ^2(D 1 /4$S«QW 
2^iti"§ 0 r<D3femfiH2(Dl/4^ft«QW2^j;oTR^3fe^»$tb^, #r 

&UQW2&ftvxmmmytK^m&titcWi, m^-^y°v^-PBs<Dm2(D 

S«QW3^A#ti~§ii:M^;^^;m«^^<^^3(Dl/4^«QW3^J;«9R^ 
Tfg2fMlOfe^G2^A#tU ^(D^2^#3fe^^G2>p(D^m^^iiMb^ 

, mm^^?M<D2ikiMixfo%m'h^ftZ)&ir% 0 ^<Dm^im^^M<Dm^( 

[0106] ^15|g^J^V^^Ja^^21^1^3t^PL<D3teB&tp(J:*3V^. ^ 

r^i^Mm^<Dm^u±^h^y^yt^^nm^tix\^^ 0 ^it^-22 

^ ^3fe^PL<Z)iiM^^gBg$^lTV^ 0 fgl5'»^TO3IH 
26©»li:^f(^ 1S©$ff#^-2l^^*^-22^(Dm«!)^^J:«9^ fW*ft 

M&mm.~tz>z-b&x^% 0 
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[0107] ni5m&M\z.*5^x, mmft¥&x^x?M&Rffiftvmwvxi>&<. r. 

M$LX<Dft¥m$-WM±fcm&£?K)m)&L,X-b$k^\ tilt, Ml5^MfflXfe, 

xRm-r^x^mm^xv^K mMi,m^co^mm2<Dmyt^mmpBS2 
^mmT^^Km^Mi,mRM7!)^^w^x(D^m^— em±\z.&j&i:5\z. 

PBS2XECM£n%Z.bKftZ>o 

[oio8] t£&, ±&<D£5temft&mw&^&4K£zmftifcm<DMW. mm^m^ 
$&mft<DMw, m^ttm^^&tvx(DT*i/^m(Dmfc(Dmm^\ vcr± 

ntdMmmm^2i^mmmmytm^23^myt^mimm^Ritir^tmm^ 
ftz>o *<Dm&tet£. >&mzmvx. mmmm^2i^mmmmytm^23^m^ 

mm&m?2i^mmtfMftmT23(Dmmmi¥^&mm^\<^xh, ±m<dm 

[0109] ±m(Dmmnm\^^m^tmmxi^ mm^muKx<>x^^(u^/v) 
zmmnmrnxm ^ um^^m^^x^^^nm^ntc^m<D^->^ 
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[0110] , B|28(D^^301^*dV>-C, lnyh<D^3i/N_h^JR^ s ^$tT^o ifc 

com] ±jfe©^jfe^t8©«3feSia-ett, ^v-h(^^s«) xtq^czv^— ^ 

[01 12] JJciC, # : 7—7^?—Mf$XML402X*l^ R (Red) „ G (Green) N B (Blue) j^L 
3 0 -fe/Ha*ar-CX@403-CW:, ^^X@401^-C#b^fcgff^^— ^ 
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[0113] t;Ha^4Tia403t[j: > ^^xm4Ol^-C#&,tLf'0f^^ 

^VrcX@404^T. ia^Vz:-C^tL«^^^^/K?^^^/v) (Dm^mi¥%n&^: 

[0114] &3b\ X3z&0^»^-e«, g3fe^^LTKrF^dr^w— ^ . 2 48nm) 
^ArF^dr^W— if 193nm) ^fflV^V^^ ^rU£EB/&*tL£^&< 

2 

tons] ^ft,±^<DmmMm^^x^m^^tm^^^t(Dm<D^^i. i 
j:t)^^*@*f ^^-rs^ ( mmm-umm -mft-r^m, mmmmm&m 

u^bt(Drm>^u (n,m xmtc$tLX\ ^m^vt^x, ^h^K^x^tp 

iXTte, S^^#^-WO99/49504^|g^||^$tlTV ^ X^mPJfm^m 

fo&mtiir^m^, m^6-i24873^£m^m^£nx\^£?fmftMM(D 
m&&i%&vtcx^—i?&mm<D*x&mts&ttm j ¥. #is¥io-303ii4^ 
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cone] mfctvxtz, mftmzttir%mmm$&^xx%%tdtfm$Tm-Z)m<, & 
m^^mRmmicm^tix^ ^^hu^u^nvx^^h^m^ ^ 

2 

2 

mmn. ^4^T-^m<Dmytmm^hmmx^ 0 y^xT—vm&mytmm 

<DWS&&XfiWLftSb{¥r3L, ^!)x.tf#r?fl I FlO-163099^TJ?#^iFlO-214783^- 
(*fj£3RB#fF6, 341, 007^§\ 6, 400, 441^§\ 6, 549, 269^&^6, 590, 63 
4^-), #^2000-505958^- (*fJ^^B#fF5, 969, 441^)&3V^3fcS#fF6 
, 208, 407-^^5fi^$tvTV^ o 

[0117] 1 %M 

4 uftwmm&^gt 

4a l/4$imR 
4b 1/2&NMS 
4c 7*^99^*9* 

5, 50 [HliFf3fe^T-(3fem^m^T-) 
6 77t-*/^>X 

8 mmr^^m 

9 X-AV'yX 

10 -xM^n^^-fT^V^X 

11 m%^?— 

lla fcf— J&ZfVyf— 

12 nyfVf-)fe^ 

13 -^^TM^K 

14 mmt^ 
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21 nmvtm^- 
23 mmmmytm* 

M 

PL S»3te^5R 
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m^mm 

mm^MM^ma^ m^m^mxm^mm^M^AMir^t^m 
mm-M^mmnma-i, mmm^mxm^mm^ytm^AMir^ 

[6] mtmmmm^n. mm^^m^mm^mm^nx^imKmvximmmM 
[7] mifB^*^-«^ A^(Di^h^^nom^xh^ytm^AMir^ii.m^m 
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[20] mm&seyt^te. mmmimimam^u±>hv^\m^^ 
[21] mm^^m-i, mm^2mm^m^T^>h ] >y^m^n, 

i-§r^^#m ( ^i-§M^}<^167^^18(DV^-ftb^^l^i-fB4fe»3fe^o 

[23] ttfiBisa«^*^«, mmmm^^(D^m^^\^x, mtmmmm<D}& 

[24] mmm^m^ mfe<Dft&m&tt&mirzr.&ffl£&mmmm\m&.u 

^mM^'Lmmx(D^mmmm^^mm^mm(Dmmx(D^m&^h^< 
%tm£tix^z>zb&wmtirz>ffi#Lmi 17^15, 22^xxf23(D^-rti^imc 

[25] mmr-7^m<Dmmm&<D^m^m^ m^^^m^^m^^ 

^^t%mmtir%wJm24\z.mm<D%^ 0 
[26] mikm.i7bm25<D\^fhfrim^mM<Dft^%m7t. sJofc^^L-c^^ 

[27] ifte^ffltfV-^-^ m^llb^25(D\^fofrim-im.(D%¥^^X, ffi 

[28] mMm7b^25(D\^nfrim-mm<vyt¥%k&^x, m 
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